The materials used in the fabrication of self-retained internal ureteral stents should provide strength, flexibility, low surface friction, radiopacity, biodurability, biocompatibiiity, and reasonable unit cost. Polymeric biomaterials currently used for stent construction include polyurethane, silicone, Silitek,™ C-Flex,™ and Percuflex.
INTRODUCTION

INTUBATION
OF THE LOWER URINARY SYSTEM for relief of obstruction has been recognized throughout the recorded history of medicine, and intubation of the ureters has been described throughout the past century. The goal of a selfretained internal ureteral catheter for relief of upper tract obstruction has evolved over the past 25 years. It is apparent that the success of the current self-retained internal ureteral stent is related to the versatile polymeric biomaterials now available for this application.
We have evaluated these materials by means of end-application testing (e.g., physical testing of the stent in its manufactured and sterilized form) and have reviewed the published clinical and experimental experience in an attempt to determine whether one material may offer an advantage over the others. A group of definitions relevant to these materials is given in Table  1 . The test procedures used to evaluate the physical properties of these materials are traceable to The American Society for Testing and Materials (ASTM).* A description of the various types of polymers utilized in the construction of these stents tested is given in Table 2 MATERIAL STRENGTH The "high" polymers ( ' We believe that a stent with a large ID and large ( Fig. 2 ), yet we see no reason to limit the restoration of flow to sideholes can be presumed to be better than one in which the any one parameter alone. strength of the material limits these parameters (Fig. 1) . The The concept of reinforcing the strength of the polymeric function of the sideholes is most important in the "low-flow" material by incorporating a wire spiral within the extrusion has (Fig. 4) 
Standard Stent Materials
We have measured the surface coefficient of friction of various stent materials ( Table 6 ). The degree of polymeric crosslinking also affects this physical property; thus these data show a wide variation in surface friction of stents even though the basic material is the same. In general, the softer (and more rubbery) the elastomer, the higher will be the coefficient of friction. This fact has important implications with respect to the problems that a soft stent material offers because of the interface friction between the stent and the apparatus (guidewire, etc.) used for its insertion, as well as that between the surface of the stent and the wall of the ureter. We believe that surface friction also has implications with respect to biocompatibiiity and resistance to encrustation.8-1 ' Water has a CT number of zero; bone is +500 and air -500 ± 5. Equipment was a Siemens DR-2 CT scanner with 10-mm section, 120 kVp, 350 Mas.
proach that of bone (500 Hounsfield units) in order to ensure adequate fluoroscopic imaging.
BIODURABILITY
From the moment a stent material is placed within the urinary system, there occurs surface absorption of biomolecules, usually proteins. This is followed within minutes by cellular interactions and a tendency for crystalloid encrustation on the proteinaceous platform. Chemicals within the urine also begin to penetrate porous areas on the surface of the polymer. Resistance of the material to these attacks provides the basis for the durability of the stent within the urinary system. Degradation of the polymer can ultimately result in the loss of critical characteristics such as strength, elasticity, and flexibility. There have been reports of spontaneous breakage of internal ureteral stents fabricated of polyethylene and polyurethane after many months of time indwelling.17'8 In contrast, clinical reports and device retrieval studies have shown that C-Flex and Percuflex will not degrade significantly for as long as 2 years.5'9,20 Silicone rubber, probably because of its thermoset (heat-stable) crosslinkage, has been found to retain flexibility and elasticity even after 10 years within a ureter, although encrustation had clearly produced device failure (HK Mardis, unpublished data).
Although encrustation remains the primary limiting factor for prolonged stent function, it seems prudent to limit long-term (more than 6 months) stent usage to those made of silicone, C-Flex, or Percuflex. '9,20 
